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Description 

[0001 ] This invention concerns a monoclonal antibody that has high neutralizing activity against human Tumor Necro- 
sis Factor a (TNF a) and neutralizing activity also against human Tumor Necrosis Factor p (TNF p), a hybrid cell line 

5 that produces the antibody and the use of the monoclonal antibody. 

[0002] TNF a is a polypeptide of molecular weight 17500. whose primary and tertiary structure has been elucidated 
(Pennica, D. et al. Nature 312 : 724 (1984) and Jones, E.Y et al. Nature 338 : 225 (1989)). TNF a is biologically active 
as a trimer. The main source of TNF a are cells of the monocyte/macrophage lineage, but after appropriate stimulation 
it is produced by other cell types as well (e.g. T-lymphocytes). 

10 [0003] TNF p is a polypeptide closely related to TNF a. Both molecules show a 28% homology at the amino acid level 
(see, Pennica, D. et al. Supra and Gray, P.W. et al. Nature 312 : 721 (1984)). The main source of TNF p are T-lym- 
phocytes. 

[0004] TNF a was originally described as a molecule that induces haemorragic necrosis of tumors in mice. However, 
after large amounts of homogeneous TNF a became available upon cloning of its cDNA, it soon became clear that TNF 
15 a mediates a large array of biological activities that allow the definition of TNF a as a mediator of inflammation. See, 
generally, Beutler, B. and Cerami, A., Nature 320 : 584 (1986). 

[0005] TNF p mediates a qualitatively similar array of biological activities but quantitative differences as to the doses 
of TNF a or p required to mediate single biological activities have been described. 

[0006] TNF a plays, within the inflammatory response, a pivotal role in the host defense against invasion of the organ- 
20 ism by noxious agents. However, under certain circumstances, like chronic or acute, systemic or localized hyper produc- 
tion, TNF a leads, in conjunction with other mediators of the inflammatory response, to a large number of pathologic 
conditions. Cachexia and septic shock are the best known examples (see, Beutler, B. and Cerami, A., Supra and Oliff, 
A., et al., Cell 50 : 555 (1987). Likewise, TNF a is supposed to play a pathogenic role in AIDS (Folks, T.M., et al., Proc. 
Natl. Acad. Sci. USA 86 : 2365 (1989)), in graft-versus-host disease (Piguet, PR, et al. J. Exp. Med. 166 : 1280 (1987)), 
25 in cerebral malaria (Grau, G.E., et al. Science 237 : 1210 (1987)), rheumatoid arthritis (Brennan, F.M., et al., Lancet ii : 
244 (1989)) and several other disease states. 

[0007] Much less is known about the in vivo effects of TNF p. Given the fact, however, that it mediates in vitro, biolog- 
ical activities similar to those of TNF a, it can be argued that, in case of hyperproduction, TNF p as well may contribute 
to the pathogenesis of some disease states. 
30 [0008] These results have suggested that antibodies against TNF a and, possibly, also antibodies against TNF p 
could be therapeutically useful in those disease states in which these polypeptides exert a pathogenic effect. 
[0009] In order to be therapeutically useful antibodies against TNF a should be able to neutralize the toxic effects of 
TNF a in vivo. Polyclonal antibodies are easily obtainable from the serum of hyper immunized animals. These polyclonal 
antibody preparations, however, are not optimal for in vivo use because 

35 

they are a mixture of antibodies containing antibodies which do not neutralize TNF a, 

they are a mixture of antibodies containing different antibodies having different affinities for the same epitope and 
they are difficult to standardize in terms of potency because of lot-to-lot variations. 

40 Monoclonal antibody technology is the tool of choice to by-pass these problems. It permits the in vitro production, under 
controlled conditions and in unlimited amounts, of monoclonal antibodies of reproducible specificity and affinity against 
TNF a as against every immunogenic molecule. Clearly, many different monoclonal antibodies can be obtained against 
one single antigen. They may vary from each other in terms of 

45 - antibody class and subclass, 
epitope specificity, 
binding affinity and 

in vitro and in vivo neutralizing activity. 

so [001 0] For therapeutic use it is desirable to employ a monoclonal antibody against TNF a, as against any other anti- 
gen, which has high neutralizing activity. This would allow the administration of lower doses of the monoclonal antibody 
in order to attain therapeutically effective levels in vivo, thus mitigating the possible, undesired side-effects caused by 
the monoclonal antibody. 

[0011] EP-A-0 350 690 discloses fragments of the monoclonal antibody MAK 195 which is known to be specific for 
55 human TNF-alpha. These fragments (F(ab)2 and F(ab)) were shown to neutralize toxic effects of TNF alpha in vitro and 
in vivo. Accordingly, said antibodies and fragments thereof are useful in the treatment of diseases wherein TNF-alpha 
is involved. 

[0012] EP-A-0 351 789 concerns improved monoclonal antibodies reactive with cachectin (human TNF) and a 
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method for producing a monoclonal antibody from splenocytes is disclosed. The antibodies obtained may be of all 
classes and subclasses of immunoglobulins, including bindung fragments. The antibodies are effective in neutralizing 
the negative effects of TNF-alpha as shown in the standard cytotoxity bioassay with L-929 cells. 
[0013] Hybridoma, Vol. 3, No. 4 359-370 (1 987), reports on murine monoclonal antibodies which are able to neutralize 
s the epitopes on TNR Evidence is made that the monoclonal antibodies which are obtained by conventional methods 
neutralize the cytotoxity of TNF in vitro and in vivo. 

[0014] WO-A-9001950 discloses anti TNF-antibodies and their use in pharmaceutical products and compositions 
together with an antineoplastic agent and/or an antimicrobial agent. 

[001 5] In this respect, the present invention provides a novel monoclonal antibody or a binding fragment thereof which 
io is able to neutralize human TNFct. The antibody according to the present invention has high TNFa neutralizing activity 
both in vitro as well as in vivo. Thus, in vitro, human TNF a exerts half -maximal biological activity at about 0.15 ng/ml 
(3.3 x 10' 12 M, assuming TNF a is a trimer). In the presence of 1 ng/ml (6.25 x 10* 9 M) of said antibody, human TNF a 
exerts half-maximal biological activity at about 229 ng/ml (4.6 x 10" 9 M, ratio of half-maximal biological activity in the 
presence vs absence of 1 jig/ml of said antibody is about 1527). In the presence of 100 ng/ml (6.25 x 10* 10 M) of said 
15 antibody, human TNFa exerts half-maximal biological activity at about 26 ng/ml (5.2 x 10" 10 M). In the presence of 10 
ng/ml (6.25 x 10" 11 M) of said antibody human TNFa exerts half-maximal biological activity at about 1 .9 ng/ml (3.8 x 10" 
11 M). 

[0016] Thus, the monoclonal antibody or a binding fragment thereof provided by the present invention is able to neu- 
tralize human Tumor Necrosis Factor alpha, and is characterized in that said antibody is able to precipitate human TNF 
20 alpha forming high molecular weight antigen-antibody complexes, whereof the smallest antigen-antibody complexes 
formed with human TNF alpha contain substantially three molecules of said antibody and two human TNF alpha mole- 
cules and have a molecular weight of at least 400 kD. 

[0017] In particular the monoclonal antibody provided by the present invention is characterized by the fact that it neu- 
tralizes in vitro trimeric human TNF a at a ratio of about 1.3:1, on a molar basis. In addition, said monoclonal antibody 

25 neutralizes and therefore recognizes the structurally related polypeptide human TNF p as well. 

[0018] Thus, in vitro, human TNF p exerts half-maximal biological activity at about 4 ng/ml (8 x 1 0* 1 1 M, assuming TNF 
p is a trimer). In the presence of 1 jug/ml (6.25 x 10 9 M) of said antibody, human TNF p exerts half-maximal biological 
activity at about 25.6 ng/ml (5 x 10* 10 M; ratio of half-maximal biological activity in the presence vs absence of 1 jig/ml 
of said antibody is about 6.3). As a second aspect, the present invention shows that said monoclonal antibody is able 

30 to precipitate human TNFa as determined by double diffusion in two dimensions (Ouchterlony method). As a main 
aspect, the present invention shows that the smallest antigen-antibody complex formed upon incubation of said mono- 
clonal antibody with human TNF a is a high molecular weight antigen-antibody complex, containing substantially at 
least three molecules of said monoclonal antibody and at least two human TNF a molecules. 
[0019] The term "high molecular weight antigen-antibody complex" is used to denote antigen-antibody complexes of 

35 at least 400 kD, typically from about 570 kD to about 600 kD. 

[0020] Moreover said antibody provides complete protection in mice from an otherwise lethal dose of human TNF a 
at doses lower than about 1 jig/mouse, typically from about 0.4 to about 0.8 ^g/mouse. It has to be noticed that 0.4 
ng/mouse correspond to about 20 jig/kg body weight. 

[0021] The invention further provides a stable hybridoma cell line and progeny thereof which produces such mono- 
40 clonal antibody. 

[0022] The invention additionally provides a process for the preparation of such monoclonal antibody. 
[0023] The invention also provides a pharmaceutical composition comprising such monoclonal antibody which is able 
to neutralize both human TNF a and human TNF p and a pharmaceutical ly acceptable carrier and/or diluent. 
[0024] A further aspect of the present invention is also to provide a method of detecting the content of human TNF a 
45 in a body fluid. 

[0025] An object of the present invention is also to provide antiidifi typic antibodies which recognize the human TNF 
a- and human TNF p- receptors. 

[0026] The monoclonal antibodies according to the present invention can be of any of the classes of immunoglobulins, 
such as Iglvl, IgD, IgE, IgA or subclasses of IgG. The monoclonal antibody may be used intact, or as binding fragments, 
so such as F v Fab, F(ab') 2 . 

[0027] Preferably monoclonal antibodies according to the present invention are of the IgG class. 
[0028] Particularly preferred monoclonal antibodies according to the present invention are those produced by hybri- 
doma clone 78, as herein described, which are of lgG1 k isotype. 

[0029] Preferred binding fragments of the monoclonal antibodies according to the present invention are F» Fab, F 
55 (ab')2 fragments of said antibodies. 

[0030] As stated above the present invention provides a process for the preparation of the monoclonal antibody of the 
invention or binding fragments thereof, which process comprises culturing a hybridoma cell line or progeny thereof 
according to the invention and recovering the monoclonal antibody thus produced. 
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[0031] The monoclonal antibodies according to the present invention, or the fragments thereof, can be prepared by 
immortalizing lymphocytes of the B-cel! lineage. Immortalization can be accomplished through transformation with an 
oncogenic virus or through fusion with an already immortal cell line (e.g. myeloma or lymphoblastoid cell line). The latter 
approach, which was originally described by Koehler and Milstein (Koehler, G. and Milstein. C, Nature 256 : 496 (1975)) 

5 gives rise to immortal hybrid cell lines capable of unlimited growth and antibody production. The immortal cell lines thus 
obtained may be cloned and screened in such a way as to detect antibodies against the desired antigen in the cell 
supernatants. A large number of screening techniques have been described in the literature and are well-known to 
those skilled in the art. These techniques unequivocally allow the isolation of monoclonal antibodies against the desired 
antigen(s). However, if the operator wants to isolate a monoclonal antibody having particular properties (i.e. having high 

to or low affinity for the antigen, being neutralizing or non-neutralizing) the screening techniques have to be set up in such 
a way as to allow him to isolate monoclonal antibodies having the desired properties. The way these assays are set up 
depends on the property one is looking for, on the antigen against which the operator wishes to obtain the antibodies 
and is, generally speaking, not predictable and must be studied on a case by case basis. This step, however, is of cru- 
cial importance if the operator wants to isolate monoclonal antibodies with high activity. 

is [0032] If desired, once the cell lines producing the monoclonal antibodies with the desired properties against human 
TNF a have been isolated according to the present invention, they can be used as a source of the genes encoding the 
monoclonal antibodies. 

[0033] These genes can be isolated by preparing first cDNA libraries from messenger RNA. A single cDNA clone, 
coding for the immunoglobulin is then isolated and may be further manipulated. The ultimate goal of these manipula- 
te tions is usually, but not exclusively, that of generating antibodies of reduced immunogenicity upon in vivo administration 
into a host different from the one from which the original antibodies were derived. This can be achieved by ligation of 
the nucleotides corresponding to the variable region genes of the original species to nucleotides corresponding to the 
constant region genes of the species to which the antibodies have to be administered. Alternatively, nucleotides encod- 
ing the regions of the original monoclonal antibody determining complementariness may be substituted for correspond- 
25 ing nucleotides of the variable regions of antibody genes of the species to which the antibodies have to be administered. 
Finally, the original or the modified cDNA clone may then be isolated and placed into suitable prokaryotic or eukaryotic 
expression vectors and subsequently transfected into a host for ultimate bulk production. 
[0034] In the accompanying diagram representations: 

30 Figure 1 shows the specificity for human TNF a of the monoclonal antibody, as determined in an ELISA that meas- 
ures the residual binding to TNF a of 100 ng/m! of the antibody upon incubation with different doses of human TNF 
a or with different doses of unrelated antigens. 

Figure 2 shows the neutralizing activity of 1 fig/ml (6.25 x 10' 9 M) of the monoclonal antibody on different doses of 
human TNF alpha, i.e. the cytotoxic activity of human TNF alpha in the absence (O-O) or presence (□-□) of 1 fig/ml 
35 (6.25 x 1 0' 9 M) of the monoclonal antibody. 

Figure 3 shows the neutralizing activity of 1 fig/ml of the monoclonal antibody on different doses of human TNF p, 
i.e. the cytotoxic activity of human TNF p in the absence (0-0) or presence (d-d) of 1 fig/ml (6.25 x 10' 9 M) of the 
monoclonal antibody. 

Figure 4 shows a Scatchard plot of the binding of human TNFa to said monoclonal antibody. 
40 Figure 5 shows the dissociation of human TNF a from the monoclonal antibody of the present invention. 

Figure 6 shows an Ouchterlony double immunodiffusion in agar. In the central trough were added 20 fig of the mon- 
oclonal antibody; in the upper left, upper right, lower left and lower right troughs 10 u,g, 5 u,g, 1 .25 fig and 2.5 MS of 
human TNFa. respectively. 

Figure 7 shows the fast-pressure liquid chromatography (FPLC) size exclusion profiles of 100 fig (2 x 10" 6 M) 
45 human TNF alpha alone ( — panel A), of 100 fig (6.25 x 10" 6 M) monoclonal antibody alone (—panel A) of a mix- 
ture of 100 jig (2 x 1 0* 6 M) human TNF alpha and 30 fig (2 x 10' 7 M) of the monoclonal antibody (panel B) and of a 
mixture of 5 ng (10" 10 M) iodinated human TNF alpha and 2 ng (1.25 x 10" 11 M) of the monoclonal antibody (panel 
C). 

so [0035] In the accompanying tables, 

Table 1 shows the parameters of the binding of human TNFa to the monoclonal antibody of the present invention. 
Table 2 shows the concentrations of human TNF a giving half-maximal biological activity in the absence or pres- 
ence of different concentrations of said monoclonal antibody. 
55 Table 3 shows the effect on survival of the administration of different doses of human TNF. a into mice. 

Table 4 shows the protective effect of the monoclonal antibody of the present invention in mice treated with two 
lethal doses of TNF a. 

Table 5 shows the protective effect of the monoclonal antibody of the present invention injected into mice at different 
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times before and after the treatment with two lethal doses of TNF a 

[0036] Wrth respect to characterizing the claimed hybrid cell line, the terms "permanent- and "stable" mean viable 
over a prolonged time, typically at least about six months. The invention enables a stable, permanent hybridoma cell 
s line to be provided which maintains the ability to produce the specified monoclonal antibody through at least 25 pas- 
sages. 

[0037] The term "monoclonal antibody" refers to an antibody selected from antibodies whose population is substan- 
tially homogeneous, i.e. the individuals of the antibody population are identical except for naturally occurring mutations. 
[0038] The term "antibody" is also meant to include intact molecules as well as fragments thereof, such as F v Fab 

w and FfabOa. whicn are capable of binding antigen. Fab and Ffab^ fragments lack the Fc fragment of antibody, clear 
more rapidly from the circulation and may have less non specific tissue binding than intact antibody. It will be appreci- 
ated that Fy, Fab, and F(ab') 2 and other fragments of the monoclonal antibody of the present invention may be used as 
well as the intact antibody for the same purposes, e.g. the detection of TNF a and treatment of those disease states in 
which TNF a has been shown to play a detrimental role. 

15 [0039] The term "neutralizing" is used to denote the ability of antibody-containing solutions to block the capacity of 
TNF a and TNFp to exert their biological activities in vitro and/or in vivo. 

[0040] The term "enhanced or high TNF a neutralizing activity in vitro" is used to denote the ability of a solution con- 
taining a monoclonal antibody to neutralize human TNF a at a < 6:1 ratio on a weight basis and at a < 2:1 ratio on a 
molar basis at doses of monoclonal antibody £ 10 ng/ml. 
20 [0041 ] The term "enhanced or high TNF a neutralizing activity in vivo" is used to denote the ability of a solution con- 
taining a monoclonal antibody to block, at doses of £ 20 jig/kg body weight, the capacity of TNF a to play a detrimental 
role in vivo. 

[0042] The monoclonal antibody of the present invention is indeed able to afford complete protection in mice from an 
otherwise lethal dose of TNF a at doses lower than 1 jig/mouse typically from about 0.4 to about 0.8 jig/mouse. It has 
25 to be noted that 0.4 |ig/mouse corresponds to about 20 (xg/kg body weight. 

[0043] In a preferred embodiment according to the present invention such a monoclonal antibody is secreted by a 
hybridoma cell line which has been prepared using cells of an immortalizing cell line and cells derived from a mouse 
which had been immunized with human recombinant TNF a. 

[0044] The immortalizing cell line is a cell line which, for practical purposes, can be maintained perpetually in ceil cul- 
30 ture. In other words, it is stable and permanent and, when fused with cells which do not exhibit these properties, is able 
to confer the properties on the fusion product. 

[0045] Any appropriate immortalizing cell line may be used. Typically, a plasmacytoma (myeloma) of mammalian ori- 
gin may be employed. A preferred type of cell line is a murine hypoxanth in e-phosphoribosyl -transferase (HPRT) defi- 
cient plasmacytoma. One such cell line is particularly preferred. This is the NSO cell line, a well-known HPRTdeficient 
35 plasmacytoma of BALB/c origin which does not produce or secrete either immunoglobulin or heavy or light immu- 
noglobulin chains on its own (Clark, M.R. and Milstein, C. Somatic Cell Genet . 7: 657 (1981)). 
[0046] The immortalizing cells are fused with cells, at least some of which produce antibodies which bind specifically 
to human TNF a. 

[0047] The antibody-producing cells are generally obtained from a mouse immunized with respect to human TNF a. 
40 Commercially available human TNF a may be used for this purpose. After fusion, the fusion products are screened for 
those secreting the desired monoclonal antibodies. 

[0048] In vitro they are first tested in an ELISA that detects antibodies against TNF a. Then they are tested for their 
ability to neutralize the cytotoxic activity of human TNF a on mouse LM cells. 

[0049] Progeny of the clones producing the desired monoclonal antibodies can be then grown in vitro in suitable cul- 
45 ture media in tissue culture flasks or in a large-scale culture device (e.g. Acusyst, Endotronics, Coon Rapids, Minne- 
sota) or in vivo as an ascitic tumor in laboratory animals (e.g. mice or rats). 

[0050] If desired, the antibody can be separated from the culture medium or the body fluid, as the case may be, by 
techniques such as ammonium sulfate precipitation, ion exchange chromatography, high-performance liquid chroma- 
tography or by other techniques known to those of ordinary skill in the art. According to the present invention mono- 
so clonal antibodies with high neutralizing activity against TNF a and neutralizing activity also against TNF p are therefore 
provided, which are characterized in that : 

a) their population is substantially homogeneous, 

b) they are produced by immortal cells which are themselves hybrids between an immortal cell line and an anti- 
55 body-producing cell, 

c) they show enhanced TNF a neutralizing activity in vitro and in vivo, 

d) they are able to neutralize, thereby recognizing, human TNFp, 

e) they precipitate human TNFa, 
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f) they form with human TNFa, in solution, complexes the smallest of which contain substantially at least three mon- 
oclonal antibody molecules and have high molecular weight, typically of at least 400 kD. 

[0051 ] By virtue of their TNF a and TNF p neutralizing activity the monoclonal antibodies of the present invention can 
5 be employed in mammals, including humans for prophylactic and/or therapeutic use in any disease state in which TNF 
a and/or TNF p are known to exert a pathogenic effect. Typically such disease states are cachexia, septic shock, graft- 
versus-host disease, AIDS, myocardial ischaemia, celebral malaria, rheumatoid arthritis, chronic and acute inflamma- 
tory diseases and others in which it is already known or will be known in the future that TNF a and/or TNF p play a det- 
rimental role. The dosage levels suitable for local or systemic administration to adult humans of the monoclonal 
10 antibodies according to the present invention, e.g. those produced by hybridoma clone 78, may range from about 20 \xq 
to about 1 mg of antibody per kilogram of body weight. Single or multiple administrations of the compositions can be 
carried out with dose levels and pattern being selected by the treating physician. In any event, the pharmaceutical for- 
mulations should provide an antibody quantity sufficient to effectively treat or prophylactically treat the patient 
[0052] The monoclonal antibody of this invention may be formulated either alone or together with other pharmaceu- 
15 tically active agents in pharmaceutical compositions by including appropriate amounts of the monoclonal antibody 
together with a pharmaceutically acceptable carrier and/or diluent. 

[0053] Alternatively, a monoclonal antibody of the present invention can be administered in a combined method of 
treatment with a different pharmaceutically active agent. Pharmaceutically active agents, that can be formulated with 
the monoclonal antibodies of the present invention, or alternatively can be administered in a combined method of treat- 
20 ment, can be for instance antibodies, in particular monoclonal antibodies, against other antigens, thus providing a 
"cocktail" containing a monoclonal antibody of the present invention and one or more (monoclonal) antibodies against 
other antigens involved in the pathogenesis of the relevant disease state. 

[0054] Further active agents, that can be formulated with the monoclonal antibodies of the present invention, or alter- 
natively can be administered in a combined method of treatment, especially in order to produce a therapeutically useful 
25 effect, depend on the disease state to be cured and are, for instance, commercially available gamma globulin and 
immune globulin products, antibiotics, antimicrobial products, antibacterial and antitumor agents or a mixture of two or 
more of them. 

[0055] Moreover the monoclonal antibodies of the present invention can be used alone or in a combined method of 
treatment with antibacterial and, in particular, with anti-neoplastic agents, so as to prevent or ameliorate the side effects 
30 arising therefrom. Typical side effects which can be treated are e.g. cachexia, nausea, vomiting, anorexia, alopecia, 
diarrhea and neutropenia. Typically, the antimicrobial agents may include a penicillin in conjunction with an aminogly- 
coside (e.g. gentamycin, tobramycin). However several well known additional agents, e.g. cephalosporins, can be uti- 
lized. 

[0056] The term "antineoplastic agent" is meant to comprise both a single antitumor drug and "cocktails" i.e. a mixture 
35 of such drugs, according to the clinical practice. Antitumor agents that can be formulated with a compound of the inven- 
tion or alternatively, can be administered in a combined method of treatment are e.g. doxorubicin, daunomycin, epiru- 
bicin, idarubicin, etoposide, fluorouracil, mephalan, cyclophosphamide, bleomycin, vinblastin and mitomycin or a 
mixture of two or more thereof. 

[0057] The term "combined" method of treatment is meant to include both separate and substantially contemporane- 
40 ous administration of a pharmaceutical composition containing a monoclonal antibody according to the invention and a 
pharmaceutical composition containing a different pharmaceutically active agent. 

Accordingly, a preferred object of the present invention is a combined method of treatment of cancer in mammals, 
including humans, in need of such treatment, said method comprising administering 

45 1) a monoclonal antibody according to the present invention or a binding fragment thereof, and 

2) an antitumor agent, in amounts and close enough together in time sufficient to produce a therapeutically useful 
effect. 

Object of the present invention is also to provide products containing a monoclonal antibody according to the present 
invention, or a binding fragment thereof and an antitumor agent as a combined preparation for simultaneous, separate 
or sequential use in anti-cancer therapy. 

The monoclonal antibodies of the invention and the binding fragments thereof can therefore be used in a treatment to 
ameliorate a cancer. They may be administered to a patient suffering from a cancer treatable with an antitumor agent, 
for example an anthracycline glycoside such as doxorubicin, daunomycin, epirubicin or idarubicin as mentioned above. 
An antibody according to the invention and an antitumor agent such as anthracycline glycoside can be administered to 
improve the condition of a patient having a leukaemia such as myeloblasts leukaemia, lymphoma, sarcoma, neurob- 
lastoma, Wilm's tumor or malignant neoplasm of the bladder, breast, lung or thyroid. 

[0058] Moreover the high neutralizing activity of the antibody according to the present invention, as shown e.g. in Fig- 
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ure 2, suggests that said antibody recognizes an epitope close to or within the receptor-binding site of human TNF a. 
Two TNF a receptors have been characterized {Schali, T.J. et al. Cell 61 : 361 (1990) and Smith, C.A. et al. Science 248 : 
1019(1990)). 

Both receptors bind human TNF a and human TNF p with almost equal affinity when expressed on whole cells. Soluble 

s forms of the two receptors, however, bind human TNF p with much lower affinity than human TNF a (Seckinger, P. et al. 
J. Biol. Chem. 264 : 1 1 966 (1 989) and Engelmann, H. et al. J. Biol. Chem. 265 : 1 531 (1 990)). This result suggests that 
solubilization of the extracellular domain of the receptors induces a change in the relative affinities for human TNF a 
and human TNF p. If the monoclonal antibody of the present invention recognizes an epitope within the receptor-bind- 
ing site of human TNF a then it should functionally behave like a TNF a receptor, i.e. it should recognize both human 

w TNF a as well as human TNF p. Since said monoclonal antibody is a soluble molecule, it should behave functionally like 
a soluble TNF a receptor, i.e. it should bind human TNF a with a much higher affinity than human TNF p. Figure 3 shows 
that this is indeed the case. For human TNF p the ratio of half-maximal biological activity in the presence vs absence of 
1 jig/ml of said antibody is 6.3. This suggests that said monoclonal antibody binds to human TNF a and human TNF p 
like a soluble TNF a receptor. It is therefore ideally suited for being used as an immunogen in order to obtain, according 

15 to standard techniques well-known to those skilled in the art (see, generally, Anti-idiotypes, receptors and molecular 
mimicry, Linthicum, D.S. and Farid, N.R., Eds., Springer-Verlag Heidelberg, 1988) antiidiotype antibodies which bind to 
the monoclonal antibody of the present invention like human TNF a. Consequently, these monoclonal antiidiotype anti- 
bodies that are able to bind to TNFa- receptors like TNFa and consequently mimic the biological activities of TNFa can 
be therapeutically useful in those diseases in which administration of TNFa is likely to play a benef ical role. These dis- 

20 eases states are e.g. cancer, in which the antiidiotype antibodies of the invention, similarly to TNFa, can be adminis- 
tered either alone or, preferably, as part of a combined method of treatment (Mul6, J.J. et al. J. Exp. Med. 171: 629 
(1990)) and some autoimmune diseases (Jacob O.J. and McDevitt, H.O., Nature 331 : 356 (1988)). 
[0059] The monoclonal antibodies and the pharmaceutical compositions, according to the present invention can be 
administered parenterally by subcutaneous, intramuscular, intraarterial or intravenous administration. 

25 [0060] The pharmaceutical compositions containing the monoclonal antibodies of the present invention are usually 
prepared following conventional methods. 

[0061] Generally speaking, carriers and/or diluents, according to the pharmaceutical composition of the present 
invention include alcoholic/aqueous solutions, emulsions, or suspensions, including saline or buffered media. 
Parenteral vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride, lactated 
30 Ringer's or fixed oils. Intravenous vehicles include fluid and nutrient replenishers, electrolyte replenishes, such as 
those based on Ringer's dextrose, and the like. Preservatives and other additives can also be present such as, for 
example, antimicrobials, antioxidants, chelating agents, inert gases, and the like. See, generally, Remington's Pharma- 
ceutical Sciences. 16th Ed., Mack, eds. f 1980. 

[0062] Usually, in disease states in which TNF a exerts a pathogenic effect, TNF a levels in body fluids increase com- 
35 pared to the levels detectable in the same body fluids of healthy individuals. Therefore determination of TNF a levels in 
these body fluids can be of diagnostic and prognostic value. 

[0063] A further aspect of the present invention is, therefore, to provide immunoassays where the biological properties 
of the monoclonal antibodies according to the present invention are particularly advantageous. For the purpose of the 
present invention, human TNF a which is detected by the monoclonal antibody of the invention may be present in bio- 

40 logical fluids or tissue. Any sample, obtained from an individual, containing an unknown amount of human TNF a can 
be used. Normally, the sample is a liquid, such as, for example, blood, serum, plasma and the like. 
[0064] The monoclonal antibodies of the present invention are particularly suited for use in immunoassays wherein 
they may be utilized in liquid phase or bound to a solid phase carrier. In addition, the monoclonal antibody in these 
immunoassays can be detectably labeled in various ways. 

45 [0065] There are many carriers to which the monoclonal antibody of the present invention can be bound and which 
can be used in detecting the presence of human TNF a. Well-known carriers include glass, polystyrene, polypropylene, 
polyethylene, dextran, nylon, amylases, natural and modified celluloses, polyacrylamides, agaroses and magnetite. The 
nature of the carrier can be either soluble to some extent or insoluble for the purposes of the present invention. Those 
skilled in the art will note many other suitable carriers for binding monoclonal antibody, or will be able to ascertain the 

so same by the use of routine experimentation. 

[0066] There are many different labels and methods of labeling known to those of ordinary skill in the art. Examples 
of the types of labels which can be used in the present invention include, but are not limited to, enzymes, radioisotopes, 
fluorescent compounds, chemiluminescent compounds, bioluminescent compounds and metal chelates. Those of ordi- 
nary skill in the art will know of other suitable labels for binding to the monoclonal antibody, or will be able to ascertain 

55 the same by the use or routine experimentation. Furthemore, the binding of these labels to the monoclonal antibody can 
be accomplished using standard techniques commonly known to those of ordinary skill in the art. 
[0067] One of the ways in which a monoclonal antibody of the present invention can be detectably labeled is by linking 
the same to an enzyme. This enzyme, in turn, when later exposed to its substrate, will react with the substrate in such 



7 



EP0 492 448 B1 



a manner as to produce a chemical moiety which can be detected, for example, by spectrophotometry or f luorometric 
means. Examples of enzymes which can be used to detectably label the monoclonal antibodies of the present inven- 
tion, include malate dehydrogenase, staphylococcal nuclease, detta-V-steroid isomerase, yeast alcohol dehydroge- 
nase, alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, horseradish peroxidase, alkaline 
5 phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-VI -phos- 
phate dehydrogenase, glucoamylase and acetylcholine esterase. 

[0068] The monoclonal antibody of the present invention can also be labeled with a radioactive isotope which can 
then be determined by such means as the use of a gammacounter or a scintillation counter. Isotopes which are partic- 
ularly useful for the purpose of the present invention are: 3 H, 125 l, 131 l, 32 R 35 S, 14 C, 51 Cr, 36 CI, ^Co, 58 Co r 59 Fe, and 
10 75 Se. 

[0069] It is also possible to label the monoclonal antibody with a fluorescent compound. When the fluorescently 
labeled monoclonal antibody is exposed to light of the proper wave length, its presence can then be detected due to the 
fluorescence of the dye. Among the most commonly used fluorescent labeling compounds are fluorescein isothiocy- 
anate, rhodamine, phycoerythrin, phycocyanin, allophycocyanin, ophthaldehyde and fluorescamine. 

15 [0070] The monoclonal antibody of the invention can also be detectably labeled using fluorescent emitting metals 
such as 152 Eu, or others of the lanthanide series. These metals can be attached to the antibody molecule using such 
metal chelating groups as diethylenetriaminepentaacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA). 
[0071] The monoclonal antibody of the present invention also can be detectably labeled by coupling it to a chemilu- 
minescent compound. The presence of the chemiluminescent-tagged monoclonal antibody is then determined by 

20 detecting the presence of luminescence that arises during the course of a chemical reaction. Examples of particularly 
useful chemiluminescent labeling compounds are luminol, isoluminol, theromatic acridinium ester, imidazole, acridin- 
ium salt and oxalate ester. 

[0072] Likewise, a bioluminescent compound may be used to label the monoclonal antibody of the present invention. 
Bioluminescence is a type of chemiluminescence found in biological systems in which a catalytic protein increases the 
25 efficiency of the chemiluminescent reaction. The presence of a bioluminescent monoclonal antibody is determined by 
detecting the presence of luminescence. Important bioluminescent compounds for purposes of labeling are luciferin, 
luciferase and aequorin. 

[0073] Another technique which may also result in greater sensitivity when used in conjunction with the present inven- 
tion consists of coupling the monoclonal antibody of the present invention to low molecular weight haptens. The hap- 
30 tens can then be specifically detected by means of a second reaction. For example, it is common to use such haptens 
as biotin (reacting with avidin) or dinitrophenyl, pyridoxal and fluorescamine (reacting with specific anti-hapten antibod- 
ies) in this manner. 

[0074] The monoclonal antibodies of the present invention are ideally suited for the preparation of a kit. Such a kit 
may comprise a carrier means being compartmentalized to receive one or more container means such as vials, tubes 

35 and the like, in close confinement therewith, each of said container means comprising the separate elements of the 
immunoassay to be used. A similar kit may be prepared comprising compartmentalized carrier means having one or 
more container means comprising separate elements suitable for therapeutic use according to the present invention. 
[0075] The types of immunoassay which can be used or incorporated in kit form are many. Typical examples of some 
of the immunoassays which can utilize the antibodies of the invention are competitive assays and immunometric, or 

40 sandwich, immunoassays. 

[0076] By the term "immunometric assay" or "sandwich immunoassay", it is meant to include simultaneous sandwich, 
forward sandwich and reverse sandwich immunoassays. These terms are well understood by those of ordinary skill in 
the art Those of ordinary skill in the art will also appreciate that the monoclonal antibody of the present invention may 
be useful in other variations and forms of immunoassays which are presently known or which may be developed in the 

45 future. These are intended to be included within the scope of the present invention. 

[0077] In a forward sandwich immunoassay, a sample is first incubated with a solid phase immunoabsorbent contain- 
ing monoclonal antibody against human TNF a. Incubation is continued for a period of time sufficient to allow the anti- 
gen in the sample to bind to the immobilized antibody in the solid phase. After the first incubation, the solid phase 
immunoabsorbent is separated from the incubation mixture and washed to remove excess antigen and other interfering 

so substances, such as non-specific binding proteins, which also may be present in the sample. Solid phase immunoab- 
sorbent containing human TNF a to the immobilized antibody is subsequently incubated for a second time with soluble 
labeled antibody or antibodies. After the second incubation, another wash is performed to remove unbound labeled 
antibody(ies) from the solid phase immunoabsorbent and removing non-specifically bound labelled antibody(ies). 
Labeled antibody(ies) bound to solid phase immunoabsorbent is/are then detected and the amount of labeled antibody 

55 detected serves as a direct measure of the amount of antigen present in the original sample. Alternatively, labeled anti- 
body which is not associated with the immunoabsorbent complex can also be detected, in which case the measure is 
in inverse proportion to the amount of antigen present in the sample. Forward sandwich assays are described, for 
example, in United States Patents 3,867,517; 4,012,294 and 4,376,110. 
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[0078] In carrying out forward immunometric assays, the process comprises, in more detail: 

(a) first forming a mixture of the sample with the solid phase bound antibody and incubating the mixture for a time 
and under conditions sufficient to allow antigen in the sample to bind to the solid phase bound antibody. 
5 (b) after said incubation of step (a), adding to the mixture the detectably labeled antibody or antibodies and incu- 
bating the new resultant mixture for a period of time and under conditions, which are sufficient to allow the labeled 
antibody to bind to the solid phase immunoabsorbent; 

(c) separating the solid phase immunoabsorbent from the mixture after the incubation in step (b); and 

(d) detecting either the labeled antibody or antibodies bound to the solid phase immunoabsorbent or detecting the 
w antibody not associated therewith. 

[0079] In a reverse sandwich assay, the sample is initially incubated with labeled antibody, after which the solid phase 
immunoabsorbent containing multiple immobilized antibodies is added thereto, and a second incubation is carried out. 
The initial washing step of a forward sandwich assay is not required, although a wash is performed after the second 
is incubation. Reverse sandwich assays have been described, for example, in United States Patents 4,098,876 and 
4,376,110. 

[0080] In carrying out reverse immunometric assays, the process comprises, in more detail: 

(a) first forming a mixture of the sample with the soluble detectably labeled antibody for a period of time and under 
20 conditions, which are sufficient to allow antigen in the sample to bind to the labeled antibody; 

(b) after the incubation of step (a), adding to the mixture the solid phase bound antibodies and incubating the new 
resulting mixture for a period of time and under conditions sufficient to allow antigen bound to the labeled antibody 
to bind to the solid phase antibodies; 

(c) separating the solid phase immunoabsorbent from the incubating mixture after the incubation in step (b); and 
25 (d) detecting either the labeled antibody bound to the solid phase immunoabsorbent or detecting the labeled anti- 
body not associated therewith. 

[0081] In a simultaneous sandwich assay, the sample, the immunoabsorbent having multiple immobilized antibodies 
thereon and labeled soluble antibody or antibodies are incubated simultaneously in one incubation step. The simutta- 

30 neous assay requires only a single incubation and has a lack of washing steps. The use of a simultaneous assay is by 
far the preferred method. This type of assay brings about ease of handling, homogeneity, reproducibility, linearity of the 
assays and high precision. The sample containing antigen, solid phase immunoabsorbent with immobilized antibodies 
and labeled soluble antibody or antibodies is incubated under conditions and for a period of time, which are sufficient 
to allow antigen to bind to the immobilized antibodies and to the soluble antibody. In general, it is desirable to provide 

35 incubation conditions sufficient to bind as much antigen as possible, since this maximizes the binding of labeled anti- 
body to the solid phase, thereby increasing the signal. Typical conditions of time and temperature are two hours at about 
45°C, or twelve hours at about 37°C. 

[0082] Antigen typically binds to labeled antibody more rapidly than to immobilized antibody, since the former is in 
solution whereas the latter is bound to the solid phase support. Because of this, labeled antibody may be employed in 

40 a lower concentration than immobilized antibody, and it is also preferable to employ a high specific activity for the 
labeled antibody. For example, a labeled antibody according to this invention can be employed at a concentration of 
about 1 -50 ng/per assay, whereas immobilized antibody can have a concentration of 10-500 ng/per assay per antibody. 
Where radiolabeled, the antibody might have a specific activity with, for instance, one radioiodine per molecule, or as 
high as two or more radioiodines per molecule of antibody. 

45 [0083] In carrying out the simultaneous immunometric assay on a sample containing a multivalent antigen, the proc- 
ess comprises, in more detail: 

(a) simultaneously forming a mixture comprising the sample, together with the solid phase bound antibody and the 
soluble labeled antibody or antibodies; 
so (b) incubating the mixture formed in step (a) for a period of time and under conditions sufficient to allow antigen in 
the sample to bind to both immobilized and labeled antibodies; 

(c) separating the solid phase immunoabsorbent from the incubation mixture after the incubation; and 

(d) detecting either labeled antibody bound to the solid phase immunoabsorbent or detecting labeled antibody not 
associated therewith. 

55 

[0084] Of course, the specific concentrations of labeled and immobilized antibodies, the temperature and time of incu- 
bation as well as other assay conditions can be varied depending on various factors, including the concentration of anti- 
gen in the sample, the nature of the sample, and the like. Those skilled in the art will be able to determine operative and 
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optimal assay conditions for each determination by employing routine experimentation. 

[0085] After the incubation, the solid phase immunoabsorbent is removed from the incubation mixture. This can be 
accomplished by any of the known separation techniques, such as sedimentation and centrifugation. Detection can be 
performed by a scintillation counter, for example, if the label is a radioactive gamma-emitter, or by a fluorometer, for 
s example, if the label is a fluorescent material. In the case of an enzyme label, the detection can be accomplished by 
colorimetric methods which employ a substrate for the enzyme. 

[0086] Other steps such as washing, stirring, shaking, filtering and the like may of course be added to the assays, as 
is the custom or necessity for any particular situation. 

[0087] There are many solid phase immunoabsorbents which have been employed and which can be used in the 
10 present invention. Well known immunoabsorbents include beads formed from glass, polystyrene, polypropylene, dex- 
tran, nylon and other materials and tubes formed from or coated with such materials and the like. The immobilized anti- 
bodies can be either covalently or physically bound to the solid phase immunoabsorbent, by techniques such as 
covalent binding yi§ an amide or ester linkage, or by absorption. Those skilled in the art will know many other suitable 
solid phase immunoabsorbents and methods for immobilizing antibodies thereon, or will be able to ascertain such, 
15 using no more than routine experimentation. 

[0088] The various aspects of the invention are further described by the following example. This example is not 
intended to limit the invention in any manner. 

EXAMPLE 

20 

1 . Immunization of mice with human TNF a 

[0089] Human TNF a (Esquire Chemie AG, Zuerich, Switzerland), diluted in phosphate-buffered saline (PBS) supple- 
mented with complete Freund's adjuvant (CFA, Difco, Detroit, Michigan, 500 to 500 jil PBS), is administered into the 

25 rear foot-pads of 5 BALB/c mice at a dose of 30 fig/mouse. 

14 days after the first immunization human TNF a, diluted in PBS supplemented with CFA as above, is administered 
subcutaneously to the same mice at a dose of 30 fig/mouse. 14 days after the second immunization human TNF a, 
diluted in PBS, is administered intraperitoneally to the same mice at a dose of 30 jig/mouse. 
14 days after the third immunization human TNF a is administered to the same mice at the same doses and on the 

30 same conditions as for the third immunization. 

After 3 days the mouse that has the highest titer of antiTNF a antibodies in the serum as determined in an ELISA is 
sacrified. 

2. Immortalization of mouse spleen cells producing anti-TNFq antibodies. 

35 

[0090] The spleen is removed aseptically, homogenized and the resulting cell suspension centrifuged. At the same 
time NSO myeloma cells (>99% viable cells) are centrifuged as well. Both pellets are then resuspended in complete 
RPMI medium. Complete RPMI medium is RPMI 1640 (Flow, Opera, Italy) supplemented with 1 mM sodium pyruvate 
(Gibco, Paisley, Scotland), nonessential amino acids (Gibco), 100 u.g/mf of streptomycin, 1.5 jig/ml of amphotericin B 

40 and additional glutamine (2 mM). Both cell suspensions are combined at a spleen cell : myeloma cell ratio of 10 : 1 . The 
resulting cell mixture is centrifuged for 10 min at 400 g. The medium is discarded and 1 ml of polyethylene glycol (PEG 
1500, Serva, Heidelberg, West Germany, 40% w/v in complete RPMI medium) is carefully added drop by drop over a 1 
minute period in order to allow fusion to take place. 5 ml of complete RPMI medium are then added over a 5 min period, 
then 10 ml over a 5 min period and finally 15 ml over a 5 min period. The final suspension is centrifuged for 10 min at 

45 400 g and the pellet resuspended in complete RPMI medium supplemented with 20% fetal calf serum (FCS, Flow, heat 
inactivated at 56°C for 30 min) so to have a final cell density of 5x1 0 5 cells/ml (spleen cells + NSO cells). 200 ul of this 
suspension are seeded into each well of 96-well tissue culture plates (Falcon No. 3072, Becton Dickinson, Milan, Italy) 
that have been previously seeded with irradiated mouse peritoneal cells (3000 Rad; 2.5 x 10 4 cells/well). Plates con- 
taining the fusion products are then incubated for 24 hours at 37°C, 5% C0 2 . Then 50 \i\ of complete RPMI medium 

so supplemented with 20% FCS and hypoxanthine, aminopterin and thymidine (HAT, respectively 10* 4 M, 4 x 10" 7 M and 
1.6x1 0" 5 M final concentrations in the plate) are added. In this culture medium only hybridomas can survive, since NSO 
cells are killed in the presence of aminopterin and unfused spleen cells have a limited lifespan. 
[0091] The plates are then further incubated at 37°C, 5% C0 2 . Cultures are fed every 2 days with fresh medium. 
Growing hybrids are visible by the 4 th day. Aminopterin is removed from the medium after 3 weeks, and complete RPMI 

55 medium supplemented with 20% FCS is used starting from the 5 th week 

[0092] After 10-14 days, cultures are tested for the production of antibodies binding to human TNF a in an enzyme- 
linked immunosorbent assay (ELISA) and of antibodies neutralizing one of the several biological activities of human 
TNF ol Typically, because of its ease, the supernatants are tested for their ability to neutralize the cytotoxic activity of 
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human TNF a on mouse LM cells (for a detailed description of the assays, see below). Hybrid cells producing the anti- 
bodies with the strongest neutralizing activity are cloned by limiting dilution at an input of 0.5 ceils/well of 96-well plates 
(Falcon) previously seeded with irradiated mouse peritoneal cells (3000 Rad; 2.5 x 10 4 cells/well). After 2 weeks 
growth-positive wells are tested for the production of TNF a-specific antibodies by means of the two assays mentioned 
5 above. 

[0093] One clone, producing antibodies with the strongest neutralizing activity, is selected and further expanded. The 
supernatant of this clone is tested in order to quantify exactly its neutralizing activity in vitro and in vivo. For this purpose, 
the immunoglobulin content of the supernatant is first determined in a quantitative ELISA (for a detailed description of 
the assay, see below). In order to quantify exactly its neutralizing activity in vitro, 1 ng/ml, 100 ng/ml or 10 ng/ml (6.25 

10 x 10' 9 M ( 6.25 x 10" 10 M or 6.25 x 10" 11 M) of the monoclonal antibody are coincubated with increasing doses of human 
TNF a. After 2 hours the residual cytotoxic activity of human TNF a on mouse LM cells is determined. 
In order to see if the monoclonal antibody cross-reacts with the closely related polypeptide TNF p, 1 ng/ml of the mon- 
oclonal antibody is coincubated with increasing doses of human TNF p and after 2 hours the residual cytotoxic activity 
of human TNF p on LM cells is determined. 

15 [0094] In order to quantify exactly its neutralizing activity in vivo different doses of the monoclonal antibody are then 
tested for their ability to protect mice from a lethal shock syndrome induced by TNF a coadministered with D-galactos- 
amine (for a detailed description of the assay, see below). 

[0095] The cells of the hybridoma clone are cloned again as described above in order to assure stability and homo- 
geneity of the cell population. One clone (clone 78) is selected and expanded for further characterization. The mono- 
20 clonal antibody produced by this clone is found to have heavy chains of the lgG1 subclass and light chains of the k 
class. 

3. Verification of the specificity of a human TNF <*-specific monoclonal antibody. 

25 [0096] Figure 1 shows that the binding to human TNF a of the monoclonal antibody produced by hybridoma 78 is 
displaced only after preincubation with human TNF a but not with a series of unrelated antigens. The unrelated anti- 
gens are epidermal growth factor (EGF), somatostatin, interleukin 6 (IL6), transferrin, thymic hormone factor (THF), 
insulin, rat immunoglobulin G antibodies. 

30 4. In vitro neutralizing activity of a monoclonal antibody with enhanced TNF a neutralizing activity and TNF p neutraliz- 
ing Activity. 

[0097] Figure 2 shows the neutralizing activity of 1 |ig/ml (6.25 x 10" 9 M) of the monoclonal antibody produced by 
hybridoma clone 78 on increasing doses of human TNF a. As can be seen human TNF a alone exerts 50% cytotoxicity 
35 at 0.1 5 ng/ml (3.3 x 10" 12 M). In the presence of 1 ug/ml of said monoclonal antibody human TNF a exerts 50% cytotox- 
icity at about 229 ng/ml (4.6 x 1 0" 9 M). This shows that 1 ng/ml of said monoclonal antibody completely neutralizes about 
228 ng/ml of human TNF a. The ratio of half-maximal biological activity in the presence vs absence of 1 ng/ml of said 
antibody is therefore about 1527. 

Assuming that human TNF a is present in solution as a trimer, it can be deduced that the monoclonal antibody neutral- 
40 izes human TNF a at a ratio of about 1 .3 : 1 on a molar basis. 

Figure 3 shows that for human TNFp the ratio of half-maximal biological activity in the presence vs absence of 1 ng/ml 
of the said antibody according to the invention is about 6.3. Table 2 shows the doses of human TNF a giving 50% cyto- 
toxic activity on LM cells in the absence or in the presence of 6.25 x 10* 9 M, 6.25 x 10" 10 M or 6.25 x 10" 1 1 M of said anti- 
body. As can be seen, said antibody neutralizes, at all doses tested, human TNF a at a ratio < 2 on a molar basis. 

45 

5. Affinity of a monoclonal antibody with en hanced TNF a neutralizing activity. 

[0098] The affinity of the monoclonal antibody according to the present invention is determined by Scatchard analysis. 
For this purpose, 1 ng/ml (6.25 x 10* 12 M) of said monoclonal antibody is incubated with different doses of iodinated 
so human TNF a and the amount of antibody-bound human TNFa is thereafter determined. 

[0099] As can be seen from Figure 4, Scatchard plots of the binding data yield a straight line. Table 1 shows the 
parameters of human TNF a binding to said monoclonal antibody. As can be seen, the affinity constant [K&J is 3.16 x 
10 10 M" 1 and the highest amount of iodinated human TNF a bindable by 6.25 x 10" 12 M of said monoclonal antibody is 
4.34x10' 12 M. 

55 

6. Dissociation of human TNF a from a monoclonal antibody with enhanced TNF a neutralizing activity. 

[0100] Dissociation of human TNF a from said antibody is determined by preincubating iodinated human TNF a (2.5 
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ng/ml. 5 x 10" 11 M) with the monoclonal antibody (2 ng/ml, 1.25 x 10* 11 M) and then measuring dissociation by adding 
excess unlabelled human TNF a to prevent reassociation of iodinated human TNF a. Figure 5 shows the result of such 
an experiment As can be seen, the dissociation of iodinated human TNF a follows the kinetics of a first order reaction 
by giving a staight-line plot. The k.1 value (dissociation rate constant) determined from this plot is 1.37 x 10* 5 sec" 1 (T 
5 V4 « 14 h). 

7. Ouchterlonv double immunodiffusion in agar . 

[0101] Fig. 6 shows that the monoclonal antibody according to the present invention is able to immunoprecipitate 
10 human TNF a. Precipitin bands are formed when 20 jig of said monoclonal antibody (central trough) are allowed to 
react with 10 u.g (upper left trough), 5 \lq (upper right) and 2.5 \ig (lower right) of human TNF a. 
v At 1 .25 \ig (lower left trough) of human TNFa the precipitin band is no longer visible. It is known that for an antigen to 
be precipitated by a monospecific antibody like the one disclosed in the present invention, it must be multivalent and 
express a minimum of 3 identical epitopes on the same molecule (Sachs, D.H., et al. J. Immunol. 109 : 1300, 1972). 
15 Human TNF a has been described to be a trimer in solution (Jones, E.Y et al. Supra) , but there are also reports claim- 
ing that in solution human TNF a exists as a dimer (Petersen, CM., et al. Eur. J. Immunol. 19 : 1887, 1989). The result 
of Fig. 6 shows that, by means of the monoclonal antibody of the present invention, it is possible to unambiguously 
define human TNFa as a trimer. 

20 8. Fast-pressu re liquid chromatography fFPLC^ size exclusion profiles of mixtures of human TNF a and a monoclonal 
antibody with enhanced TNF a neutralizing activity. 

[0102] Fig. 7 shows the FPLC size exclusion profiles of 100 fig/ml (2 x lO^M) human TNF a alone (-— panel A), of 
100 jig/ml (6.25 x 10" 6 M) of said monoclonal antibody alone ( — panel A), of a mixture of 100 p.g/ml (2 x 10* 6 M) human 

25 TNF a and 30 p,g/ml (2 x 10" 6 M) of the monoclonal antibody (panel B) and of a mixture of 5 ng/ml (10" 10 M) Iodinated 
human TNF a and 2 ng/ml (1.3 x 10" 11 M) of the monoclonal antibody (panel C). As can be seen human TNF a alone 
elutes at a volume corresponding to 40 kD. This chromatographic behavior of human TNF a is in agreement with other 
studies where oligomeric TNF a has been reported to exhibit an apparent molecular weight of 34 - 40 kD in gel-filtration 
(Kumitani, M.G., et al. J. Chromatoar. 443 : 205 (1988)). On the other hand mixtures of human TNF a and the mono- 

30 clonal antibody set up at reagent concentrations either in large excess of or close to the calculated give rise to 
complexes that elute at a volume corresponding to a molecular weight of at least 400 kD.typically 570-600 kD (panels 
B and C). 

9. Conclusion drawn from in vitro experiment s performed with a monoclonal antibody with enhanced TNF a neutralizing 
35 activity. 

[0103] Considering the molecular weight of the complexes (570 - 600 kD) formed upon interaction of human TNF a 
with said monoclonal antibody in view of the fact that the highest amount of human TNF a bindable and neutralizable 
by the monoclonal antibody is * 0.7 moles TNF a/mole antibody, it can be concluded that each of said complexes is a 
40 high molecular weight complex consisting substantially of at least three molecules of said monoclonal antibody (6 bind- 
ing arms) and two human TNF a molecules (6 epitopes). 

[0104] Such complexes would be expected to elute, in gel -filtration, at a volume corresponding to 560 - 580 kD, a 
value very close to the one observed. Since the results on binding stoichiometry were obtained from experiments per- 
formed in antigen excess we exclude that the human TNF a/monoclonal antibody complexes consist of alternating 

45 mAb78 - huTNFa molecules in an open-chain configuration. Instead, we propose that human TNF a/monoclonal anti- 
body molecules combine to form ring-like structures. The energetic advantage and, consequently, the extreme stability 
of ring-like antigen - antibody complexes has been discussed and thoroughly studied in divalent hapten - antibody sys- 
tems (Archer, B.G., and Krakaur, H. Biochemistry 16 : 618 (1977); Erickson, J.W. et al. Biochemistry 30 : 2357 (1991); 
Posner, R.G. et al. Biochemistry 30 : 2348 (1991) and Dembo, M. and Goldstein, B., Immunochemistrv 1 5 : 307 (1978)). 

so In fact, dissociation studies (Figure 5) show that the human TN Fa/monoclonal antibody complexes are, indeed, very 
stable (K.-J ■ 1.37 x 10" 5 sec" 1 ). Such values are in the same order of magnitude of those reported for monoclonal anti- 
bodies binding to cell-surface antigens according to a monogamous bivalent mode of binding (Mason, D.W. and Wil- 
liams, A.F, Biochem. J. 187 : 1 (1989)), another kind of antigen - antibody interaction leading to the formation of 
similarly stable complexes. Moreover, if, through formation of such cyclic complexes, human TNF a and said mono- 

55 clonal antibody are allowed to relax into the state of greatest stability, then this explains the apparently paradoxic result 
that, in antigen excess, the smallest antigen - antibody complex formed is in antibody excess. 
[0105] In view of such a model, however, the question arises on how human TNF a and said monoclonal antibody 
can undergo precipitation. Given that in the described complexes no human TNF a epitopes remain free to interact with 
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said monoclonal antibody molecules, we exclude that precipitation results from cross-linking of such complexes. 
Rather, we favor the possibility that formation of precipitating and cyclic complexes are 2 fundamentally different phe- 
nomena in competition with each other. At antigen excess and at low (dose to the K^g) reagent concentrations forma- 
tion of cyclic complexes would predominate, at equivalence / antibody excess and at high reagent concentrations 

5 formation of complexes built up of alternating antibody - antigen molecules according to classic lattice theory. 

[0106] Finally, monoclonal antibodies binding to human TNF a like the one described in the present invention may be 
of advantage in view of possible therapeutic applications in human TNF a - related disease states. 
[0107] In fact, complexes consisting of at (east three monoclonal antibody molecules can be viewed as microaggre- 
gates. Cells of the monocyte - macrophage lineage should preferentially eliminate them from the circulation thereby 

10 preventing their deposition in critical organs (e.g. the kidney) and, thus, avoiding immune complex - mediated inflam- 
matory reactions in these districts. 

10. In vivo neutralizing activity of a monoclonal antibody with enhanced TNF « neutralizing activity. 

is [0108] In order to evaluate the in vivo neutralizing activity, a model system is used in which mice are injected intra- 
peritoneal^ with 36 mg D-galactosamine (Fluka AG, Buchs, Switzerland) and human TNF a. D-galactosamine renders 
the animals extremely susceptible to the lethal effects of human TNF a. As can be seen from Tables 2, 3 and 4, a dose 
of human TNF a as low as 0.1 jig/mouse kills most of the mice. In fact the administration of such an amount of TNF a 
to mice will give rise to TNF a levels in the blood close to those that have been detected in humans in disease states in 

20 which TNF a has been suggested to play a detrimental role (see Cannon, J.G. et al. The Journal of Infectious Diseases 
161 : 79 (1990)). This model system is therefore suitable for the determination of those doses of an anti-TNF a mono- 
clonal antibody that will be neutralizing in humans in disease states in which TNF a exerts a pathogenic effect. 
[01 09] Tables 3 and 4 show the results of the in vivo protection studies that have been performed with the monoclonal 
antibody according to the present invention produced by hybridoma clone 78. 

25 [0110] Table 3 in particular shows that 0.4 jig/mouse of the monoclonal antibody are able to fully protect mice from 
the lethal effects of 0.1 ng/mouse of human TNF a coadministered with 36 mg of D-galactosamine. Employing a sup- 
ralethal dose of 1 jig/mouse human TNF a, 4 jxg/mouse of the monoclonal antibody fully protect mice. 
[01 1 1 ] Table 4 shows the results of time kinetic studies. As can be seen 1 0 pig/mouse of the monoclonal antibody are 
able to fully protect mice from the lethal effects of 1 ng7mouse of TNF a either administered 1 hour and half prior to/or 

30 simultaneously with TNF a. If administered 20 minutes after TNF a, partial protection is still observed. On the other 
hand 1 jxg/mouse of the monoclonal antibody fully protects mice if administered up to 40 minutes after 0.1 mj/mouse of 
TNF a. If administered 2 hours after TNF a, partial protection is still observed. Cells of the hybridoma clone 78 have 
been deposited with the provisional ECACC accession number 901 10707, on November 7, 1990, at the European Col- 
lection of Animal Cell Cultures (ECACC), Salisbury, United Kingdom. 

35 

METHODS 

1 . ELISA for the detection of human TNF a-specif ic antibodies . 

40 [01 1 2] Flat bottom microtiter plates (Falcon No. 391 2) are coated at 1 00 ^l/well with 1 ng/ml of human TNF a diluted 
in 100 mM bicarbonate buffer, pH 9.6. After an overnight incubation at 4°C, unabsorbed TNF a is discarded and PBS 
supplemented with 1% bovine serum albumin (BSA, Armour, Kankakee, Illinois) is added to each well to saturate unoc- 
cupied plastic sites. 

[0113] The plates are further incubated for 3 hours at room temperature. Thereafter plates are washed 3 times with 
45 washing buffer (WB), that is PBS supplemented with 0.1% Tween 20 (Merck, Schuchardt, Hohenbrunn, FRG) and 
0.01% merthiolate (BDH, Pool, GB). 50 \i\ of hybridoma supernatants, diluted 1 : 5 in PBS supplemented with 1% BSA 
are added to each well, the plates incubated for 60 minutes at 37°C, and washed as above. Then 1 00 \i\ of peroxidase- 
conjugated goat-anti mouse immunoglobulin G (HRPalgG, Bio-Rad, Richmond, California) diluted 1 : 3000 in WB are 
added to each well, the plates are incubated for 45 minutes at 37°C and washed as above. Then, 100 \i\ of peroxidase 
so substrate (OPD2, Chemicon, SCI, Rome, Italy, 1 tablet dissolved in 5 ml citrate buffer, OPD4, Chemicon) are added to 
each well. The reaction is allowed to proceed for 2 minutes at room temperature,after which color development is 
stopped by the addition of 100 jil/well of 4M H 2 S0 4 . The extent of color development is read on a plate ELISA reader 
at 492 nm. Supernatants giving optical density (OD) values > 0.5 are considered positive for the presence of anti-TNF 
a antibodies. 

55 

2. Competitive ELISA for the verification of the specificity of human TNF a-specif ic antibodies . 

[0114] 100 ng/ml of a hybridoma supernatant are coincubated with different concentrations of human TNF a or with 
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different concentrations of unrelated antigens or with diluent alone (PBS supplemented with 1% BSA) for 2 hours at 
37°C. At the end of the incubation period residual TNF a-binding is measured in the previously described ELISA that 
allows the detection of human TNF a-specific antibodies. 

5 3. ELISA for the quantitative determination of mouse IgG antibodies . 

[0115] Flat-bottom microtiter plates are coated at 100 nl/well with goat-anti mouse Ig {Organon Teknika, Turnhout, 
Belgium, 1 jig/well final concentration) diluted in 40 mM phosphate buffer (pH 7.4). After an overnight incubation at 4°C. 
unabsorbed antibody is discarded and PBS supplemented with 1% BSA is added to each well to saturate unoccupied 
w plastic sites. 

[01 1 6] The plates are further incubated for 3 hours at room temperature and thereafter washed 3 times with WB. Dur- 
ing this incubation period serial two-fold dilutions of a reference mouse IgG preparation (Pel-Freez, Rogers, Arkansas) 
are set up, typically from 5 to 0.25 jig IgG/ml. In parallel, serial two-fold dilutions of supernatants containing an unknown 
quantity of IgG are set up, typically from 1:100 to 1:12800. All dilutions are performed in PBS supplemented with 1% 
15 BSA. 50 nl of each dilution are added to a well, the plates incubated for 60 minutes at 37°C and then washed as above. 
[01 1 7] Peroxidase substrate addition and color development is as for 1 . 

[01 18] IgG concentrations in the supernatants containing an unknown quantity of IgG are calculated processing the 
data with an ELISA-SOFT-PC program (Perkin- Elmer, Norwalk, Connecticut). 

20 4. ELISA for the typing of heavy and light chains of monoclonal antibodies. 

[01 19] For this purpose a HYBRIDOMA SUB ISOTYPING KIT (Calbiochem, La Jolla, California) is used according to 
the manufacturer's instructions. Typing is performed on hybridoma supernatants diluted 1 : 5 in PBS supplemented with 
1% BSA. Wells giving OD values > 0.4 are considered positive for the presence of a monoclonal antibody of a given Ig 
25 class, subclass and light chain. 

5. Determination of the neutralizing activity in vitro of anti-TNF a monoclonal antibodies. 

[0120] On day 0 logarithmically growing mouse LM cells (Rubin, B.Y. et al, J. Exp. Med. 162 : 1099 (1985)) are 
30 trypsinized, centrifuged and resuspended at a final concentration of 3x1 0 5 cells/ml of Eagle's minimum essential 
medium supplemented with 5% FCS and 1% glutamine (complete MEM). 

[0121] 100 plI of this suspension are added to the wells of flat bottom microtiter plates (Falcon 3072). Then dilutions 
of human TNF ot or human TNF p (Omnia Res, Cinisello Balsamo, Italy) are set up in complete MEM so to have final 
concentrations, after addition to the wells, of 1 jig/ml to 25 pg/ml. 
35 [0122] Antibody-containing supernatants or solutions are diluted in complete MEM so to have a final concentration, 
after addition to the wells, of 1 jig/ml, 100 ng/ml or 10 ng/ml monoclonal antibody. 

[01 23] 50 of each TNF a or TNF p dilution are coincubated with 50 \x\ of monoclonal antibody or with 50 |Jtl complete 
MEM for 2 hours at 37°C. During this incubation period a solution containing actinomycin D (Fluka) in complete MEM 
is set up. The final concentration of actinomycin D after addition to the wells is 1 jig/ml. At the end of the incubation 

40 period each antibody-TNF a or -TNF p mixture and 50 \i\ of actinomycin D are added to the wells of the microtiter plates. 
To some wells 1 00 pJ of each dilution containing TNF a or TNF p alone are added. To some control wells only actino- 
mycin D plus complete MEM is added. Thereafter the plates are incubated for 24 hours at 37°C. 
[0124] At the end of this incubation period 20 \i\ of a thiazolyl blue solution (MTT, Calbiochem, 5 mg/ml in PBS) are 
added to each well. The plates are further incubated for 4 hours at 37°C. Then, supernatants are discarded, 200 julI of 

45 dimethylsulfoxide (DMSO, Farmitalia Carlo Erba) are added to each well and the extent of color development is read on 
a plate ELISA reader at 570 nm. 

[01 25] The OD values obtained for each antibody-TNF a or -TNF p mixture are compared with those obtained for TNF 
a or TNF p alone. The doses of TNF a or TNF p giving, in the absence or presence of monoclonal antibody, OD values 
which are 50% of those obtained for the control wells (50% cytotoxicity) are determined. Monoclonal antibodies with the 
so highest neutralizing activity are defined as those which determine the highest increase of the TNF a dose required to 
give 50% cytotoxicity. 

6. Determination of the affinity of anti-TNF a monoclonal antibodies . 

55 [01 26] In order to determine the affinity of anti-TNF a monoclonal antibodies the following experiment is performed. 
1 ng/ml (6.25 x 10' 12 M) of said monoclonal antibody or diluent alone (PBS supplemented with 0.5% BSA) are incubated 
with different concentrations of iodinated human TNF a (NEN, Wilmington, DE, concentrations ranging typically from 
0.5 x 1 0* 1 1 M to 4 x 10" 10 M) in Eppendorff tubes for 4 hours at room temperature. At the end of the incubation period 1 :5 
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diluted Immunobeads (170-5104, Bio-Rad, Segrate, Italy) are added to each tube and the tubes are further incubated 
tor 1 hour. Then, the mixtures are centrifuged through a phthalate-dibutyl phthalate oil mixture (1 :1 .5 vol/vol, Fluka, AG). 
Immunobead-associated radioactivity is counted in a gammacounter. Data thus obtained are processed by means of 
an equilibrium binding data analysts program (EBDA. Elsevir Science Publishers, Amsterdam, Netherlands). 

5 

7. Determination of the dissociation rate constant (k^) of human TNF a bound to an anti-TNF a monoclonal antibody. 

[0127] 2 ng/ml (1 .25 x 1 0' 1 1 M) of the monoclonal antibody produced by hybridoma 78 or buffer (PBS + 0.5% BSA) 
alone are incubated with 2.5 ng/ml (5 x 10" 11 M) iodinated human TNFa for 4 hours at room temperature. Thereafter 1 

10 : 5 diluted immunobeads are added for 1 hour and the mixtures are then centrifuged twice. The resulting pellets are 
resuspended in 250 ng/ml (5 x 10* 9 M) "cold" human TNF a to compete for rebinding with any iodinated human TNF a 
that dissociates. After different times of incubation (see Figure 5) at room temperature the pellets are centrifuged 
through an oil mixture as descibed in the previous section. Residual iodinated human TNF a specifically bound to the 
monoclonal antibody is then determined and the results are plotted as percentage radioactivity bound versus log time. 

is The time for 50% dissociation (T V£) is read from this graph and used to calculate Ki : 

. 0.693 

k --« TvF 



20 



8. Ouchterlonv double immunodiffusion in agar . 



[0128] In order to see if the monoclonal antibody produced by hybridoma 78 precipitates human TNF a a double dif- 
fusion assay is performed. For this purpose 1% agarose gel in 0.9% NaCI is used. The samples (human TNF a and the 
25 monoclonal antibody) are placed in circular wells. Patterns are allowed to develop for at least 24 hours at 4°C before 
being photographed. 

9. Determination of the FPIC size exclusion profiles Qf mixtures of human TNF ct and an anti-TNF a monoclonal anti- 
body. 

30 

[0129] For this purpose mixtures of human TNF a or iodinated human TNF a and purified anti-TNF a monoclonal 
antibody in human TNF a excess are set up (e.g. 100 jig/ml human TNF a and 30 jig/ml of monoclonal antibody or 5 
ng/ml iodinated human TNF a and 2 ng/ml of monoclonal antibody) in PBS (for mixtures of 100 jig/ml human TNF a 
and 30 fig/ml of the monoclonal antibody) or in PBS + 0.5% BSA (for mixtures of 5 ng/ml iodinated human TNF a and 

35 2 ng/ml of monoclonal antibody). The mixtures are allowed to incubate for 4 hours at room temperature. Thereafter the 
mixtures, TNF a alone or the monoclonal antibody alone are chromatographed on a 10 x 300 mm Superose 6 FPLC 
column (Pharmacia LKB Biotechnology, Uppsala, Sweden) to generate A 2 so absorbance profiles. The column is 
preequilibrated and eluted with 50 mM sodium phosphate, 150 mM NaCI, pH 7,2 buffer. Molecular weight standards 
are, typically, blue dextran (mw 2 x 10 6 ), human IgM (mw 900000), bovine thyroglobulin (mw 670000), bovine IgG (mw 

40 158000), chicken ovalbumin (mw 44000), horse myoglobin (mw 1 7000), vitamin B12 (mw 1350). 

10. Determination of the neutralizing activity in vivo of anti-TNF a monoclonal antibodies. 

[0130] In order to evaluate the neutralizing activity in vivo of anti-TNF a monoclonal antibodies a model system for 
45 human TNF a-induced lethal shock in mice is set up. For this purpose mice are injected intraperitoneal ly with different 
doses of human TNF a (typically 0.1 jxg or 1 jig/mouse diluted in 0.25 ml PBS) and D-galactosamine (typically 36 
mg/mouse diluted in 0.25 ml PBS). Mice injected with lethal doses of human TNF a die within 24-48 hours. 
[01 31 ] The neutralizing activity in vivo of the anti-TNF a monoclonal antibody is evaluated injecting mice intravenously 
with different doses of the monoclonal antibody (diluted in 0.25 ml PBS) and 90 minutes later intraperitoneally with a 
so lethal dose of human TNF a. 

[0132] In another set of experiments the neutralizing activity in vivo of the anti-TNF a monoclonal antibody over time 
is evaluated. For this purpose the monoclonal antibody is administered at different times before and after the adminis- 
tration of a lethal dose of human TNF a. 

55 
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TABLE 1 



Parameters of the binding of huTNFa to mAb78 


Measured affinity con- 
stant Kobs (x10- 10 M- 1 ) 


Maximal binding capac- 
ity B max (x10 12 M) 


Ratio B max /mAB78 


3.16±0.7* 


4.34 ±0.46 


0.71 ±0.11 



* Results (± SD) were obtained in 3 independent experiments. 



TABLE 2 



Concentrations of huTNFa giving 50% cytotoxicity on LM cells in the absence 
or presence of different concentrations of mAb78. 


Concentration of mAb78 


Concentration of huT- 
NFa giving 50% cytotox- 
icity* 


Neutralization Ratio + 




3.3±0.4x10' 12 M 




6.25x10* 9 M 


4.6±0.2x10' 9 M 


1.36 


6.25x10" 10 M 


5.2 ±0.5x10 - 10 M 


1.21 


6.25x10' 11 M 


3.8 ±1 x10" 11 M 


1.8 



* Results (± SD) were obtained in at least 3 independent experiments 

+ Neutralization Ratio = Ratio between concentration of mAb78 and concentration 

of neutralized huTNFa. 



TABLE 3 



Lethality of mice treated with human recombinant TNF a and 


D-galactosamine. 




Dose of D-galactosamine a 


Dose of TNF a a 


Lethality 


36 mg/mouse 




0/4 




0.01 ng/mouse 


2/4 




0.1 uxj/mouse 


4/4 




1 ^g/mouse 


4/4 



''D-galactosamine and TNF a were coadministered intraperito- 
neal^. 



50 
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TABLE 4 



Effect of monoclonal antibody 78 (mAb 78) on mice treated with human recombinant 




TNF a and D-galactosamine. 




Dose of D-galactosamine a 


Dose of TNF a a 


Dose of mAb78 b 


Lethality 


36 ma/mouse 


0.1 ng/ mouse 




19/21 




0.1 fig/mouse 


0.5 jig/mouse 


0/5 


„ 


0.1 fig/mouse 


0.4 |ig/mouse 


0/5 


„ 


0.1 ng/mouse 


0.3 pig/mouse 


4/13 ! 


T» 


0.1 fig/mouse 


0.2 fig/mouse 


4/13 




0.1 fig/mouse 


0.1 jig/mouse 


3/5 




1 fig/mouse 




12/12 


n 


1 jig/mouse 


5 jig/mouse 


0/12 


it 


1 jig/mouse 


4 jig/mouse 


0/8 




1 jig/mouse 


3 fig/mouse 


1/8 


ii 


1 jig/mouse 


2 fig/mouse 


4/8 




1 ng/mouse 


1 p,g/mouse 


6/8 



a See Table 1 

b mAb was administered intravenously 1 h 30' before TNF a and D-galactosamine. 



17 



EP 0 492 448 B1 



TABLE 5 



Effect of monoclonal antibody 78 (mAb78) administered at different times to mice treated with human 






TNF a and D-galactosamine. 






Time of mAb78 and/or TNF a a administration 


Lethality 


-1 h 30' 


o 


+20' 


+40' ! 


+1 h 


+ 2h 


+3h 




1 0 ua 78 


1 ng TNF 












31/33 




1 ng TNF 












1/24 




1 HQ TNF 












0/19 




+ 

10 \iq 78 












5/15 




1 HQ TNF 


10 HQ 78 










13/15 




1 \xg TNF 




10 ua 78 








15/19 




1 \iq TNF 






10 HQ 78 






11/14 




1 HQ TNF 








10 Jig 78 




8/9 




0.1 HQ TNF 












15/15 


1 |ig 78 


0.1 jig TNF 












0/5 




+ 

1 \XQ 78 












0/10 




0.1 jig TNF 


1 HQ 78 










0/5 




0.1 HQ TNF 




1 HQ 78 








0/5 




0.1 HQ TNF 






1 ng78 






3/15 




0.1 HQ TNF 








1 HQ 78 




2/10 




0.1 fig TNF 










1 HQ 78 


5/5 



^NF was administered intraperitoneally together with 36 mg D-galactosamine/mouse, mAb 78 was adminis- ( 
tered intravenously. 



Claims 

40 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE: 

1. A monoclonal antibody or a binding fragment thereof which is able to neutralize human Tumor Necrosis Factor 
alpha, characterized in that said antibody is able to precipitate human TNF alpha forming high molecular weight 

45 antigen-antibody complexes, whereof the smallest antigen-antibody complexes formed with human TNF alpha con- 
tain substantially three molecules of said antibody and two human TNF alpha molecules and have a molecular 
weight of at least 400 kD. 

2. The monoclonal antibody or a binding fragment thereof according to claim 1, which is able to neutralize in vitro 
so human TNF alpha at a ratio of about 1.3:1 on a molar basis. 

3. The monoclonal antibody or a binding fragment thereof according to claim 1 , which is able to provide complete pro- 
tection in mice from an otherwise lethal dose of human TNF alpha at doses lower than 1 jig/mouse. 

55 4. The monoclonal antibody or a binding fragment thereof according to claim 1 , which is able to recognize also human 
Tumor Necrosis Factor beta. 

5. The monoclonal antibody according to claim 1 which represents a Fy, Fab or Ffab'k fragment. 
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6. A stable hybridoma cell line and a progeny thereof which secrete a monoclonal antibody according to claims 1 to 4. 

7. The hybridoma cell line 78 (ECACC provisional accession number 901 10707) and a progeny thereof. 

5 8. A process for the preparation of a stable hybridoma cell line according to claim 6, which process comprises fusing 
immortalizing ceils with cells derived from a mouse that has been immunized with human TNF alpha and selecting 
those hybridoma cell line secreting a monoclonal antibody according to claim 1 . 

9. The monoclonal antibody or a binding fragment thereof according to claims 1 to 4, as obtainable from the hybrid- 
10 oma cell line 78. 

10. A pharmaceutical composition comprising as an active agent a monoclonal antibody or a fragment thereof accord- 
ing to claims 1 to 5 and 9 and a pharmaceutical^ acceptable carrier and/or diluent. 

is 11. A monoclonal antibody or a binding fragment thereof according to claims 1 to 5 and 9 for use as a prophylactic 
and/or therapeutic agent in a disease state in which human TNF alpha and/or human TNF beta exerts a pathogenic 
effect. 

12. A monoclonal antibody or a binding fragment thereof according to claims 1 to 5 and 9 for use in the prevention or 
20 treatment of a side effect arising from antibacterial or antineoplastic therapy. 

13. Products containing a monoclonal antibody or a binding fragment thereof according to claims 1 to 5 and 9, and an 
antibiotic, antimicrobial or antibacterial agent, or a mixture of two or more of them, as a combined preparation for 
simultaneous, separate or sequential use in antimicrobial and antibacterial therapy. 

25 

14. Products containing a monoclonal antibody or a binding fragment thereof according to claims 1 to 5 and 9, and an 
antitumor agent, as a^ combined preparation for simultaneous, separate or sequential use in anticancer therapy. 

15. A method of detecting the content of human TNF alpha in a sample of a body fluid, which method comprises con- 
so tacting the sample with a monoclonal antibody or a fragment thereof, according to claims 1 to 5 and 9. 

Claims for the following Contracting States : ES, GR 

1 . A process for preparing a monoclonal antibody or a binding fragment thereof which is able to neutralize human 
35 Tumor Necrosis Factor alpha, which comprises obtaining a stable hybridoma cell line by fusing immortalising cells 

with cells derived from a mouse that has been immunized with human TNF alpha and selecting those hybridoma 
cell line secreting a monoclonal antibody which is able to precipitate human TNF alpha forming high molecular 
weight antigen-antibody complexes, whereof the smallest antigen-antibody complexes formed with human TNF 
alpha contain substantially three molecules of said antibody and two human TNF alpha molecules and have a 
40 molecular weight of at least 400 kD. 

2. The process according to claim 1 , wherein the monoclonal antibody is able to neutralize in vitro human TNF alpha 
at a ratio of about 1 .3:1 on a molar basis, and obtaining said antibody from said hybridoma cell line. 

45 3. The process according to claim 1 , wherein the monoclonal antibody is able to provide complete protection in mice 
from an otherwise lethal dose of human TNF alpha at doses lower than 1 (Jig/mouse. 

4. The process according to claim 1 , wherein the monoclonal antibody is able to recognize also human Tumor Necro- 
sis Factor beta. 

50 

5. The process according to claim 1 , wherein the monoclonal antibody represents a F v Fab or F(ab') 2 fragment. 

6. A process for the preparation of a stable hybridoma cell line, which process comprises fusing immortalizing cells 
with cells derived from a mouse that has been immunized with human TNF alpha and selecting those hybridoma 

55 cell line secreting a monoclonal antibody which is able to precipitate human TNF alpha forming high molecular 
weight antigen-antibody complexes, whereof the smallest antigen-antibody complexes formed with human TNF 
alpha contain substantially at least three molecules of said antibody and at least two human TNF alpha molecule 
and have a molecular weight of at least 400 kD. 
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7. The process according to claim 6, wherein the hybridoma cell line is the hybridoma cell line 78 (ECACC provisional 
accession number 901 1 0707) and a progeny thereof. 

8. The process according to claims 1 to 4, wherein the monoclonal antibody or a binding fragment thereof is obtaina- 
s ble from the hybridoma cell line 78. 

9. The process for the manufacture of a pharmaceutical composition comprising formulating as an active agent a 
monoclonal antibody or a fragment thereof obtainable by a process according to claims 1 to 5 and 8 and a pharma- 
ceutically acceptable carrier and/or diluent. 

10 

10. The use of a monoclonal antibody or a binding fragment thereof obtainable by a process according to claims 1 to 
5 and 8 for the manufacture of a prophylactic and/or therapeutic agent for the treatment of a disease state in which 
human TNF alpha and/or human TNF beta exerts a pathogenic effect. 

15 11. The use of a monoclonal antibody or a binding fragment thereof obtainable by a process according to claims 1 to 
5 and 8 for the manufacture of a pharmaceutical composition for the prevention or treatment of a side effect arising 
from antibacterial or antineoplastic therapy 

12. The use of a monoclonal antibody or a binding fragment thereof obtainable by a process according to claims 1 to 
20 5 and 8, and an antibiotic, antimicrobial or antibacterial agent, or a mixture of two or more of them, for the manu- 
facture of a combined preparation for simultaneous, separate or sequential use in antimicrobial and antibacterial 
therapy 

13. The use of a monoclonal antibody or a binding fragment thereof obtainable by a process according to claims 1 to 
25 5 and 8, and an antitumor agent, for the manufacture of a combined preparation for simultaneous, separate or 

sequential use in anticancer therapy. 

14. A method of detecting the content of human TNF alpha in a sample of a body fluid, which method comprises con- 
tacting the sample with a monoclonal antibody or a fragment thereof, according to claims 1 to 5 and 8. 

30 

PatentansprQche 

PatentansprOchefOrfolgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE: 

35 1 . MonoWonaler Antikorper Oder ein bindendes Fragment davon, der in der Lage ist, humanen Tumornekrosefaktor a 
zu neutralisieren, dadurch gekennzeichnet, dass dieser Antikdrper in der Lage ist, humanes TNF a unter Bildung 
von Antigen-AntikSrper-Komplexen mit hohem Molekulargewicht zu prezipitieren, wobei die kleinsten mrt humanen 
TNF a gebildeten Antigen-AntikGrper-Komplexe im wesentlichen drei Molekiile dieses Antikorpers und zwei 
humane TNF a Molekule enthalten und ein Molekulargewicht von mindestens 400 kD haben. 

40 

2. MonoWonaler Antikorper oder ein bindendes Fragment davon gemass Anspruch 1, der in der Lage ist, in-vitro 
humanes TNF a auf molarer Basis in einem Verhaitnis von circa 1 ,3 : 1 zu neutralisieren. 

3. MonoWonaler Antikorper oder ein bindendes Fragment davon gemass Anspruch 1 , der in der Lage ist, in Mausen 
45 einen kompletten Schutz gegenuber einer sonst lethalen Dosis von humanem TNF a in Dosen kieiner als 1 \iq pro 

Maus zu erzeugen. 

4. MonoWonaler AntikOrper oder bindendes Fragment davon gemass Anspruch 1, welcher in der Lage ist, auch 
humanen Tumornekrosefaktor p zu erkennen. 

50 

5. MonoWonaler AntikCrper gemass Anspruch 1 , der ein F^ Fab oder F(ab')2 Fragment darstellt. 

6. Eine stabile Hybridomazelllinie und einen Voriaufer davon, die einen monoWonalen Antikorper gemass Anspruch 
1 bis 4 ausscheiden. 

55 

7. Die Hybridomazelllinie 78(ECACC voriauf ige Hinterlegungsnummer 901 1 0707) und einen Voriaufer davon. 

8. Verfahren zur Herstellung einer stabilen Hybridomazelllinie gemass Anspruch 6, wobei das Verfahren das Fusio- 
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nieren immortalisierter Zellen mit Zellen, die aus einer Maus stammen, die mil humanem TNF a immunisiert wurde 
und Selektionieren der einen monoWonalen AntikOrper gemass Anspruch 1 ausscheidenden Hybridomazelllinie 
umfasst. 

5 9. Monoktonaler AntikOrper oder ein bindendes Fragment davon gemass den Anspruchen 1 bis 4, wie er aus der 
Hybridomazelllinie 78 erhaltlich ist 

10. Pharmazeutische Zusammensetzung umfassend einen monoWonalen AntikOrper oder ein Fragment davon 
gemass den Anspruchen 1 bis 5 und 9 ats ein wirksames Mittel und einen pharmazeutisch annehmbaren Trager 

io und/oder Verdunnungsmittel. 

11. MonoWonaler AntikOrper oder ein bindendes Fragment davon gemass den Anspruchen 1 bis 5 und 9 zur Verwen- ' 
dung aJs ein prophylaktisches und/oder therapeutisches Mittel bei einem Krankheitszustand, bei dem humanes 
TNF a und/oder humanes TNF p einen pathogenen Effekt ausuben. 

15 

12. MonoWonaler AntikOrper oder ein bindendes Fragment davon gemass den Anspruchen 1 bis 5 und 9 zur Verwen- 
dung bei der Pravention oder Behandlung von Nebeneffekten, die bei antibakterieller oder antineoplastischer The- 
rapie auftreten. 

20 1 3. Produkte enthaltend einen monoWonalen AntikOrper oder ein bindendes Fragment davon gemass den Anspruchen 
1 bis 5 und 9 und ein antibiotisches, antimikrobielles oder antibakterielles Mittel oder eine Mischung von zwei oder 
mehr davon als ein Kombinationspraparat zur gleichzeitigen, getrennten oder aufeinanderfolgenden Verwendung 
bei der antimikrobiellen und antibakteriellen Therapie. 

25 14. Produkte enthaltend einen monoWonalen AntikOrper oder ein bindendes Fragment davon gemass den Anspruchen 
1 bis 5 und 9 und ein anti-Tumormittel als ein Kombinationspraparat zur gleichzeitigen, getrennten oder aufeinan- 
derfolgenden Verwendung bei der anti-Krebstherapie. 

15. Verfahren zum Nachweis des Gehalts an humanem TNF a in einer Probe einer KOrperflussigkert, wobei die 
30 Methode das in-Kontakt-bringen der Probe mit einem monoWonalen AntikOrper oder einem Fragment davon 
gemass den Anspruchen 1 bis 5 und 9 umfasst. 

Patentanspruche fur folgende Vertragsstaaten : ES, GR 

35 1. Verfahren zur Herstellung eines monoWonalen AntikOrpers oder eines bindenden Fragments davon, der in der 
Lage ist, humanen Tumornekrosefaktor a zu neutralisieren, welches das Erhalten einer stabilen Hybridomazelllinie 
durch Fusionieren immortalisierter Zellen mit Zellen, die von einer Maus stammen, die mit humanem TNF a immu- 
nisiert wurde und Selektionieren der Hybridomazelllinie, die einen monoWonalen AntikOrper ausscheidet, der in der 
Lage ist, humanes TNF a unter Bildung von Antigen-AntikOrper-Komplexen mit hohem Molekulargewicht, wobei 

40 die Weinsten mit humanem TNF a gebildeten Antigen-AntikOrper-Komplexe im wesentlichen drei Molekule des 
AntikOrpers und zwei humane TNF a Molekule enthalten und ein Molekulargewicht von mindestens 400 kD aufwei- 
sen, umfasst. 

2. Verfahren gemass Anspruch 1 , wobei der monoWonale AntikOrper in-vitro in der Lage ist, humanes TNF a auf 
45 molarer Basis in einem Verhaltnis von 1,3 : 1 zu neutralisieren und Erhalten dieses AntikOrpers von der Hybrido- 
mazelllinie. 

3. Verfahren gemass Anspruch 1, wobei der monoWonale AntikOrper in der Lage ist, in Mausen einen kompletten 
Schutz gegen eine sonst lethale Dose von humanem TNF a in Dosen Weiner als 1 fig pro Maus zur Verfiigung zu 

so stellen. 

4. Verfahren gemass Anspruch 1, wobei der monoWonale AntikOrper in der Lage ist, auch humanen Tumornekrose- 
faktor p zu erkennen. 

55 5. Verfahren gemass Anspruch 1 , wobei der monoWonale AntikOrper ein Fy, Fab oder F(ab') 2 Fragment darstellt 

6. Verfahren zur Herstellung einer stabilen Hybridomazelllinie, wobei der Prozess umfasst: Fusionieren immortalisier- 
ter Zellen mit Zellen, die von einer Maus stammt, die mit humanem TNF a immunisiert wurde und Selektionieren 
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der Hybridomazelllinie, die einen monoklonalen AntikOrper ausscheidet, der in der Lags ist. humanes TNF a unter 
Bildung von Antigen-AntikOrper-Komplexen mit hohem Molekulargewicht zu bilden, wobei die Weinsten mit huma- 
nem TNF a gebildeten Antigen-AntikOrper-Komplexe im wesentlichen mindestens drei MolekQIe des Antikorpers 
und mindestens zwei humane TNF a MolekQIe enthalten und ein Molekulargewicht von mindestens 400 kD haben. 

5 

7. Verfahren gemass Anspruch 6, wobei die Hybridomazelllinie die Hybridomazelllinie 78 (ECACC voriaufige Hinter- 
legungsnummer 901 10707) und ein Voriaufer davon ist. 

8. Verfahren gemass den Anspruchen 1 bis 4, wobei der monoWonale Antikorper Oder ein bindendes Fragment davon 
10 erhaitlich ist von der Hybridomazelllinie 78. 

9. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung umfassend ein als wirksames Mittel formu- 
lierter monoWonaler AntikOrper oder ein Fragment davon, erhaitlich durch ein Verfahren gemass den Anspruchen 
1 bis 5 und 8 und einen pharmazeutisch annehmbaren Trager und/oder Verdunnungsmittel. 

15 

10. Verwendung eines monoklonalen Antikorpers oder eines bindenden Fragments davon, erhaitlich durch ein Verfah- 
ren gemass den Anspruchen 1 bis 5 und 8, zur Herstellung eines prophylaktischen und/oder therapeutischen Mit- 
tels zur Behandlung eines Krankheitszustands bei dem humanes TNF a und/oder humanes TNF p einen 
pathogenen Effekt ausiiben. 

20 

1 1 . Verwendung eines monoklonalen Antikorpers oder eines bindenden Fragments davon, erhaitlich durch ein Verfah- 
ren gemass den Anspruchen 1 bis 5 und 8, zur Herstellung einer pharmazeutischen Zusammensetzung zur Pra- 
vention oder Behandlung von Nebeneffekten, die bei antibakteriellen oder antineoplastischen Therapien auftreten. 

25 12. Verwendung eines monoklonalen Antikorpers oder eines bindenden Fragments davon, erhaitlich durch ein Verfah- 
ren gemass den Anspruchen 1 bis 5 und 8 und eines antibiotischen, antimikrobiellen oder antibakteriellen Mittels 
oder einer Mischung von zwei oder mehr davon, zur Herstellung eines Kombinationspraparats zur gleichzeitigen, 
getrennten oder aufeinanderfolgenden Verwendung bei der antimikrobiellen und antibakteriellen Therapie. 

30 1 3. Verwendung eines monoklonalen Antikorpers oder eines bindenden Fragments davon, erhaitlich durch ein Verfah- 
ren gemass den Anspruchen 1 bis 5 und 8 und ein anti-Tumormittel zur Herstellung eines Kombinationspraparats 
zur gleichzeitigen, getrennten und aufeinanderfolgenden Verwendung bei der anti-Krebstherapie. 

14. Verfahren zum Nachweis des Gehalts an humanem TNF a in einer Probe einer Korperflussigkeit, wobei die 
35 Methode das in-Kontakt-bringen eines Antikorpers oder eines Fragments davon gemass den Anspruchen 1 bis 5 
und 8 mit der Probe umfasst. 

Revendications 

40 Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE : 

1. Anticorps monoclonal ou fragment de liaison de ce dernier, qui est a m§me de neutraliser le facteur de necrose 
tumorale (TNF) alpha humain, caracterise en ce que (edit anticorps est capable de provoquer la precipitation du 
TNF alpha humain en formant des complexes anticorps-antigfcne a grande masse molSculaire, les complexes anti- 

45 corps-antig&ne les plus petits form6s avec le TNF alpha humain contenant essentiellemerrt trois molecules dudit 
anticorps etdeux molecules du TNF alpha humain, et ayant une masse mol6culaire d'au moins 400 kDa. 

2. Anticorps monoclonal ou fragment de liaison de ce dernier selon la revendication 1 , qui est capable de neutraliser 
le TNF alpha humain in vitro dans un rapport en moles d'environ 1 ,3:1 . 

50 

3. Anticorps monoclonal ou fragment de liaison de ce dernier selon la revendication 1 , qui est capable d'assurer chez 
la souris une protection complete contre une dose par ailleurs I6tale de TNF alpha humain a des doses inferieures 
& 1 fig/souris. 

55 4. Anticorps monoclonal ou fragment de liaison de ce dernier selon la revendication 1 , qui est capable de reconnaTtre 
aussi la facteur de necrose tumorale beta humain. 

5. Anticorps monoclonal selon la revendication 1 , qui repr§sente un fragment F^ Fab ou F(ab') 2 . 
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6. Lignee cellulaire d'hybridoma stable et 8a descendance, qui secretent un anticorps monoclonal selon les revendi- 
cations 1 k 4. 

7. Lignee cellulaire d'hybridome 78 (numero d'enregistrement provisoire ECACC 901 1 0707) et sa descendance. 

5 

8. Precede de preparation d'une lignee cellulaire d'hybridome stable selon la revendication 6, lequei procede com- 
prend la fusion de cellules immortalisantes avec des cellules issues d'une souris qui a ete immunisee par le TNF 
alpha humain, et la selection de la lignee cellulaire d'hybridome qui secrete un anticorps monoclonal selon la 
revendication 1. 

10 

9. Anticorps monoclonal ou fragment de liaison de ce dernier selon les revendications 1 a 4, tel que pouvant elre 
obtenu & partir de la lignee cellulaire d'hybridome 78. 

1 0. Composition pharmaceutique comprenant en tant que principe actif un anticorps monoclonal ou un fragment de ce 
15 dernier selon les revendications 1 a 5 et 9 et un excipient et/ou diluant acceptable d'un point de vue pharmaceuti- 
que. 

1 1 . Anticorps monoclonal ou fragment de liaison de ce dernier selon les revendication 1 a 5 et 9, pour utilisation en tant 
qu'agent prophylactique et/ou therapeutique dans un etat pathologique dans lequei le TNF alpha humain et/ou le 

20 TNF b§ta humain exercent un effet pathogene. 

12. Anticorps monoclonal ou fragment de liaison de ce dernier selon les revendications 1 a 5 et 9, pour utilisation dans 
la prevention ou le traitement d'un effet secondaire resultant d'un traitement antibacterien ou antineoplasique. 

25 13. Produits contenant un anticorps monoclonal ou un fragment de liaison de ce dernier selon les revendications 1 a 
5 et 9, et un agent antibiotique, antimicrobien ou antibacterien, ou un melange d'au moins deux d'entre eux, en tant 
que preparation en combinaison pour utilisation simultanee, separee ou sequentielle dans un traitement antimicro- 
bien et antibacterien. 

30 14. Produits contenant un anticorps monoclonal ou un fragment de liaison de ce dernier selon les revendications 1 a 
5 et 9, et un agent tumoral, en tant que preparation en combinaison pour utilisation simultanee, separee ou 
sequentielle dans une therapie anticancereuse. 

15. Procede de detection de la presence de TNF alpha humain dans un echantillon d'un f luide corporel, ledit procede 
'as comprenant la mise en contact de Techantillon avec un anticorps monoclonal ou un fragment de ce dernier selon 
les revendications 1 a 5 et 9. 

Revendications pour les Etats contractants suivants : ES, GR 

40 1 . Procede de preparation d'un anticorps monoclonal ou d'un fragment de liaison de ce dernier, qui est a meme de 
neutraliser le facteur de necrose tumorale (TNF) alpha humain, caractense en ce qu'il comprend Pobtention d'une 
lignee cellulaire d'hybridome stable par fusion de cellules immortalisantes avec des cellules issues d'une souris qui 
a ete immunisee par le TNF alpha humain et selection de la lignee cellulaire d'hybridome qui secrete un anticorps 
monoclonal qui est capable de provoquer la precipitation du TNF alpha humain en formant des complexes anti- 

45 corps-antigene a. grande masse moleculaire, les complexes anticorps-antigene les plus petits formes avec le TNF 
alpha humain contenant essentiellement trois molecules dudit anticorps et deux molecules du TNF alpha humain, 
et ayant une masse moleculaire d'au moins 400 kDa. 

2. Precede selon la revendication 1 , dans lequei I'anticorps monoclonal est capable de neutraliser le TNF alpha 
so humain in vitro dans un rapport en moles d'environ 1 ,3:1 ledit anticorps etant obtenu k partir de ladite lignee cel- 
lulaire d'hybridome. 

3. Procede selon la revendication 1 , dans lequei I'anticorps monoclonal est capable d'assurer chez la souris une pro- 
tection complete contre une dose par ailleurs letale de TNF alpha humain a des doses inferieures a 1 jig/souris. 

55 

4. Procede selon la revendication 1 , dans lequei I'anticorps monoclonal est capable de reconnaTtre aussi le facteur de 
necrose tumorale b§ta humain. 
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5. Procede selon la revendication 1 , dans lequel I'anticorps monoclonal represents un fragment Fab ou F(ab') 2 . 

6. Procede de preparation d'une lignee ceilulaire d'hybridome, lequei procede comprend la fusion de cellules immor- 
talisantes avec des cellules issues d une souris qui a 6te immunisee par le TNF alpha humain, et la selection de la 

5 Iign6e ceilulaire d'hybridome qui secrete un anticorps monoclonal qui est capable de provoquer la precipitation du 
TNF alpha humain en formant des complexes anticorps-antigene k grande masse moleculaire, les complexes anti- 
corps-antigene les plus petits formes avec le TNF alpha humain contenant essentiellement trois molecules dudit 
anticorps et au moins deux molecules de TNP alpha humain et ayant une masse mol6culaire d'au moins 400 kDa. 

10 7. Procede selon la revendication 6, dans lequel la lignee ceilulaire d'hybridome est la lignee ceilulaire d'hybridome 
78 (ECACC numero dacces provisoire 90 110 707) et une descendante de celle-ci. 

8. Procede selon les revendications 1 k 4, dans lequel I'anticorps monoclonal ou le fragment de liaison de ce dernier 
peut §tre obtenu k partir de la lign§e ceilulaire d'hybridome 78. 

15 

9. Procede de preparation d'une composition pharmaceutique comprenant la formulation, en tant que principe actif, 
d'un anticorps monoclonal ou d'un fragment de ce dernier pouvant Stre obtenu par le procede selon les revendica- 
tions 1 k 5 et 8 et d'un excipient et/ou diluant acceptable d'un point de vu pharmaceutique. 

20 10. Utilisation d'un anticorps monoclonal ou fragment de liaison de ce dernier pouvant etre obtenu par un procede 
selon les revendication 1 k 5 et 8, pour la fabrication d'un agent prophylactique et/ou th6rapeuto'que pour ie traite- 
ment d'un 6tat pathologique dans lequel le TNF alpha humain et/ou le TNF beta humain exercent un effet patho- 
gene. 

25 11. Utilisation d'un anticorps monoclonal ou fragment de liaison de ce dernier pouvant etre obtenu par un procede 
selon les revendications 1 k 5 et 8, pour la fabrication d'une composition pharmaceutique pour la prevention ou le 
traitement d'un effet secondare resultant d'un traitement antibacterien ou antineoplasique. 

1 2. Utilisation d'un anticorps monoclonal ou d'un fragment de liaison de ce dernier pouvant etre obtenu par un procede 
30 selon les revendications 1 k 5 et 8 P et d'un agent antibiotique, antimicrobien ou antibacterien, ou d'un melange d'au 

moins deux d'entre eux, pour la fabrication d'une preparation en combinaison pour utilisation simultanee, separee 
ou sequentielle dans un traitement antimicrobien et antibacterien. 

13. Utilisation d'un anticorps monoclonal ou d'un fragment de liaison de ce dernier pouvant etre obtenu par un procede 
35 selon les revendications 1 k 5 et 8, et d'un agent anti-tu moral, pour la fabrication d'une preparation en combinaison 

pour utilisation simultange, s£par£e ou sequentielle dans une th£rapie anticanc6reuse. 

14. Proced6 de detection de la presence de TNF alpha humain d'un echantillon d'un fluide corporel, ledit proc6d§ com- 
prenant la mise en contact de I'echantillon avec un anticorps monoclonal ou un fragment de ce dernier selon les 

40 revendications 1 k 5 et 8. 
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Figure 1 
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Figure 3 
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